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e quasars can be distinguished from Galactic stars based on their optical light curves

e quasar light curves well-described by a “damped random walk”
Graham, et al. 2014, Ap, 439,703
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e Extreme Activity I: periodic quasars

° binar)/ supermassive black holes??? Graham, Djorgovski, Stern et al. 2015, Nature, 518, 74
Graham, Djorgovski, Stern et al. 2015, MNRAS, 453, 1562
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only ~1/10,000 quasars should show this much optical variability based on DRW model
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e Extreme Activity 2: changing look/changing state quasars (step function lightcurve)

* e.g., FeLoBAL turning into a normal BAL quasar over a decade
Stern et al. 2017,Ap), 839, 2



oy | | ' ' ' ! N | I
i ; NI =
SDSS — UT 2006 April 27 = ''5 £
— I | |1 ¥
— > e = =) !
L= o == ollR= 1] -
(@) v o O
ol il o S E = :
| | | H
| | | I
| | | I
= - | | I
< 10 ' | ;
[ i | " W I
| | N v ]
1 | | l I
& ! | | 1 I
3
w 30 : | : — — | —t | : | ::;‘
T i s
9 Palomar/DBSP — UT 2017 February 25 il &
o~
i | —_ | [ I Il ;
S P CYIE — = =) = = ==
~ 20 = B & (& =& = | .
~<
P | | | | I
| | | I
| | | I
| | | I
| | | I _
| | | |
| | |
| | | |
| I
| il I
] |1 ! Ll
6000 8000

Observed Wavelength (A)

e Extreme Activity 2: changing look/changing state quasars (step function lightcurve)

e e.g.,WISE-selected changing state quasars Stern et al. 2018,Ap), 684, 27
Ross et al. 2018.MNRAS, 480, 4468
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Ross et al. 2018.MNRAS, 480, 4468
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e Extreme Activity 3: Tidal Disruption Events in AGN
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e Extreme Activity 4: Strong Gravitational Lenses Stern et al. 2021, Ap), 921, 42
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e Extreme Activity 5: AGN flares

® ObViOUSI)’ diverse ﬂare morpho|ogies p— diverse Ph)’SiCS Graham, Djorgovski, Drake, Stern et al. 2017; MNRAS, 470, 4112

Drake, Djorgovski, Graham, Stern et al. 2019; MNRAS, 482, 98
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Ram-pressure Stripping of a Kicked Hill
Sphere: Prompt Electromagnetic Emission
from the Merger of Stellar Mass Black Holes in
an AGN Accretion Disk
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CASTOR: the Cosmological Advanced Survey Telescope for Optical and ultraviolet Research
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* |-meter unobscured aperture

* wide field-of-view (0.61° x 0.38°; FWHM = 0.15")

e 3-band imaging + spectroscopy

* planned launch in ~2027

* broad science, from exoplanets to cosmology

e 8 science working groups, including both Time Domain Astrophysics and AGN

* planned wide-field blind time-domain legacy survey, as well as targeted time-domain

follow-up of AGN o
https://www.castormission.org/




UVEX: Ultraviolet Explorer
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e submitted to 2021 NASA MIDEX opportunity, and one of
two missions selected for a Phase A study (along w/ STAR-X)
e Pl: Fiona Harrison (Caltech)

* Project Scientist: Brian Grefenstette (Caltech)

* will do a multiple-cadence, all-sky UV survey, reaching
50-100x deeper than GALEX

e /5 cm effective aperture

e wide field-of-view (3.5° x 3.5°)

* FWHM < 2.25"

e 2-band imaging (NUV + FUV) + longslit spectroscopy

* if selected, planned launch in ~2028 https://arxiv.org/abs/21 1 1.15608
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A Black Hole Over the Limit
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Potential false positives:

AGN variability: Analyzed light curves of 2.5 million WISE-selected AGN from Assef et al. (2018)
with ZTF coverage, looking for flares. Find 393 events. Comparison with damped random walk
(DRW) model to ZTF light curves and identifying sources where flare is strong preferred over
regular quasar variability drops this number to 13. So probability of a linear light curve with a well-
detected >20 day flare is ~5e-6.

Look elsewhere effect: Looked at longer term CRTS light curves for all 3255 AGN within GW
1905219 area, and Monte Carlo’d their light curves (1000x per AGN), assuming DRW model, with
ZTF sampling. Find just 5 comparable flares, without visual inspection. So O(0.5%) likelihood of
chance event.

Supernova: Rejected given the timescale (too short for a SN) and uniform color over time (SNe
vary in color as they evolve).

Microlensing: Rejected given the level of magnification, expected years-long event, not weeks.

Tidal disruption event (TDE): Rejected; doesn’t match luminosities and GW signal.



Predictions:

EMGW from binary BH mergers: Preferentially should be detected for more massive BHs.
Would be good if O4+ include (crude) BH masses.

Off-center flare: If got spectra soon enough, expect signatures from non-uniform illumination of
the BLR.

Return to the disk: Expect BH to return to the disk, assuming typical kicks. So more BHL
emission in ~1.5 years.

Working on longer, more detailed paper(s) including full GW event sample and more details on the
predicted light curves.

Assuming a cosmology, can get constraints on orientation of the BBH merger (= AGN orientation).
Or, if you’re more bold, assuming AGN orientation, get cosmology.
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